Introduction
COPD is a progressive small airway disease that is characterized by chronic respiratory symptoms, such as cough, sputum, and dyspnea. Even though COPD is considered a progressive debilitating disease by itself, several well-known comorbid conditions make patients with COPD difficult to manage. 1 Over 50% of patients with COPD have 1-2 comorbid conditions, 15.8% have 3-4, and 6.8% have more than 5.
2 Guidelines describe several comorbidities, including hypertension, cardiovascular disease, diabetes mellitus (DM), osteoporosis, and lung cancer. 1 Although the mechanisms underlying the association of comorbidities with COPD are not clear, several possible mechanisms, including smoking-related respiratory and systemic inflammation, alveolar microangiopathy, and vascular stiffness, might play a role in the pathogenesis of both the COPD and the comorbidities.
These observations are mainly evident in patients with symptomatic and overt COPD. Information is lacking on patients with less symptomatic and less severe COPD.
In the present study, we aimed to identify the prevalence, risk factors, and clinical features of depression experienced by patients with early COPD.
Methods

source of data
The Korean National Health and Nutrition Examination Survey (KNHANES) is a nationwide representative study that is conducted annually to assess the health and nutritional status of people in Korea. Trained interviewers administer questionnaires on diverse health-related data, and subjects self-report their health-related habits, including smoking. Because the KNHANES uses a complex, multistaged probability sample design, the results represent the total noninstitutionalized population of Korea. 13, 14 We used data from the 2014 KNHANES because that was the only year that the Patient Health questionnaire (PHQ)-9 for assessing depression status was administered.
This study was exempted from the informed consent requirement by the Institutional Review Board Committee of KyungHee University Hospital because of its retrospective nature and widely available public data (IRB No KHUH 2017-11-015). All KNHANES data used in this study were anonymous and did not contain any personally identifiable information. A definition of early COPD has not yet been established. Thus, we used the following inclusion criteria for the patients with early COPD based on the result of a study of the natural course of early COPD in Korean patients: 15 1) age $40 years, 2) FEV 1 /FVC ,0.70, and 3) FEV 1 $50%. In order to clarify COPD, only patients with 10 pack-years or more smoking history were included, and patients who were diagnosed with asthma from clinician were excluded.
Definition of early COPD
PhQ-9 for assessing depression
The PHQ-9, which is based on the diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), assesses the patients for feelings of no pleasure, depression, sleep changes, fatigue, changes in appetite, guilt feelings, no sense of worth, loss of concentration, feelings of being stuck, and suicidal ideation over the previous 2 weeks. Each item is scored from 0 (not at all) to 3 (almost daily), with a score of 27 overall, which reflects more severe depression. 16, 17 PHQ-9 is used to not only screening but also for diagnosing depressive disorder because all DSM-IV criteria of a depressive episode are included.
18
A PHQ-9 scores of 5 or more indicates depression, 17 and a PHQ-9 score of $10 has been found to have 91% sensitivity and 89% specificity for a diagnosis of major depression in stroke patients. 19 The PHQ-9 was validated in both a medical setting and in a general population. 16, 20, 21 Furthermore, we used Korean version of PHQ-9 depression scale, which also has been validated. 22 We defined the PHQ score of $5 as depression in this study.
Clinical measurements
The KNHANES provides researchers information on various demographic factors, including age, sex, body mass index (BMI), level of education, self-perceived degree of income, spirometry results, and disease status for patients either previously diagnosed or currently under treatment. EuroQol-5 dimensions questionnaire (EQ-5D), a simple health-related QoL instrument consisting of 5 health dimension (mobility, self-care, usual activities, pain/discomfort, and anxiety/ depression), was used to measure QoL status. 23 For each dimension, subjects are asked to mark between 1: "no problem" to 5: "unable to/extreme problems," and these responses are combined to produce a 5-digit number and consequently converted to EQ-5D index score from full health status 1 to death 0. The EQ-5D is a valid instrument for measuring self-perceived health-related QoL status in both general and COPD patients. 24 The Korean version of the EQ-5D scale was used in the KNHANES. 25 
statistical analysis
The differences between patient groups (COPD vs non-COPD, with depression vs without depression) were assessed using χ 2 tests for categorical variables, with the results expressed as numbers and percentages, and Student's t-tests for continuous variables, with the results presented as mean and SD. The KNHANES provides population weights. When comorbid conditions were compared between subjects with COPD and those without COPD, survey analyses weighted for spirometry were examined and expressed as percentages to result in estimates that were representative of the noninstitutionalized population. Spearman rank correlation analyses were performed to identify correlations between the PHQ scores and other factors, such as BMI and FEV 1 . Then, to identify factors that were related to depression in the subjects with early COPD, stepwise logistic regression analyses were conducted. Only factors with P-value ,0.1 in the univariate analysis were used in the multivariate analysis.
P-values ,0.05 were considered significant. All analyses were conducted using Stata (version 14.2; StataCorp LC, College Station, TX, USA).
Results
subject characteristics
Among the 2,885 subjects over 40 years of age who underwent spirometry, 211 were patients with early COPD who had PHQ-9 questionnaire results available ( Figure 1 ).
Compared with non-COPD patients (n=2,224), patients with COPD (n=211) were older, predominantly male, and had a greater history of smoking. Education levels differed significantly between the non-COPD and COPD groups, with the COPD group having lower levels of education. The data for the prevalence of the comorbid conditions, which are presented in percentages (%) by applying the survey analysis, showed that DM, hypertension, ischemic heart disease, and cerebrovascular accident are more common in the COPD group than in the non-COPD group. The PHQ-9 scores was higher in non-COPD group (2.5±3.5 vs 2.0±3.1 for non-COPD and early COPD group, respectively; p=0.04). But, prevalence of moderate-to-severe depression was not different between the 2 groups (27.8% vs 20.0%; p=0.36) ( Table 1 ). The scores for each item on the PHQ-9 for the COPD and non-COPD subjects are presented in Table S1 .
Clinical characteristics of the patients with early COPD according to depression Table 2 shows the clinical features of the patients with early COPD with and without depression. Patients with early COPD and depression at the same time were more likely to live alone in low QoL status than those early COPD patients without depression. With regard to the comorbidities, patients with early COPD and depression had a significantly higher prevalence of DM than those without depression. The results of the comparative analyses of each item of the PHQ-9 for the subjects with and those without depression are presented in Table S2 .
There was no significant difference in BMI between the groups, nor was there any difference in the analysis according to the degree of obesity according to Asian Pacific guidelines for obesity. 26 Lung function did not differ between the groups. QoL was significantly lower in the depressed group (EQ-5D: early COPD without depression, 1.0±0.1; early COPD with depression, 0.8±0.2; p,0.01). Among the possible relevant factors (Figure 2) , only the EQ-5D was significantly and negatively correlated with PHQ-9 scores (Spearman rank correlation coefficient, -0.43; p,0.01; Figure 2C ).
risk factors for depression in patients with early COPD
To identify the factors that contribute to depression in patients with early COPD, univariate and stepwise multivariate logistic regression analyses were conducted, and the results, which are presented in 
Discussion
The present study showed that subjects with early COPD and depression simultaneously were more often females living alone in low socioeconomic status compared with subjects without depression. The most notable aspect of our study was that depression was assessed by using a valid and objective tool. Besides, studies on early COPD are rare. There is a lack of data on the clinical features of early COPD because it is extremely difficult to enroll patients in clinical trials or cohort studies because of the mild, asymptomatic symptoms rarely requiring a visit to the hospital. However, we can evaluate these patients through the national health checkup project. This is another noteworthy point in this study.
Like patients with other chronic disease, patients with COPD have a higher prevalence of depression than the general population does, and the relative risk of developing depression was highest in patients with severe COPD. 27 The key pathophysiological mechanisms underlying the association between COPD and depression are not fully understood. However, because of several common contributing factors related to the development and progression of each disease, depression is considered one of the comorbid conditions of COPD. A number of mechanisms might underlie the association of depression with COPD. First, smokers tend to be depressed. Hamalainem et al, 28 found a 2.24-fold increased risk of depression in current smokers compared with nonsmokers. This result might have been related to smoke-induced inflammation 29 or nicotinic acetylcholine receptor activation. 30 Second, because COPD is a chronic inflammatory disease, depression might occur as part of the systemic inflammatory response. Although systemic inflammatory markers, such as tumor necrosis factor-α 31 and soluble tumor necrosis factor receptor-1, 32 have been 
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Depression in early COPD reported to positively correlate with depression in patients with COPD. Third, hypoxia might affect the development of depression as 57% and 18% of patients with severe COPD requiring long-term oxygen therapy had depression and severe depression, respectively. 33 However, in the present study, depression defined by PHQ-9 was not prevalent in COPD subjects compared to non-COPD subjects. This result was probably due to the nature of our data, in that our study did not include patients with severe COPD but only patients with early COPD who were receiving routine checkups.
In this study, the risk factors associated with depression in early COPD patients were female sex, living alone, and low income. Because we only analyzed patients with early COPD whose respiratory symptoms were not severe, results consistent with the known risk factors of depression in the general population were identified. 34, 35 The female gender is one of the most significant predictors of depression in early COPD as in the general population. Globally, the depression prevalence is higher in females than in males, and this suggests that the differential risk may have resulted from biological differences and depends less on cultural and socioeconomic factors. 36 There is no clear evidence of gender difference on depression, but several possible relating factors are reported such as the tendency to internalize emotions or the occurrence of illness associated with depression, such as premenstrual emotional disorder, postpartum depression, and anxiety. 37, 38 However, this gender difference of risk of depression decreases with age and is similar at ages older than 65 years. 39 Given the fact that the mean age of female subjects in this study is over 65 years of age and female gender is a risk factor for depression in early COPD subjects, this suggests that there may be a difference in gender perception or response to COPD disease itself.
Studies on clinical features of early COPD patients are rare, as those patients generally do not experience symptoms to induce hospital visits. However, we benefitted from the use of the KNHANES to identify these groups of patients. It remains unclear whether knowing the clinical feature and treating asymptomatic early COPD could be beneficial with regard to the aspect of delaying disease progression and changing the clinical outcome. But considering the pathogenesis and continuum of disease progression suggests that identifying and treating these patients might influence the course of disease. In fact, EQ-5D scores in early COPD patients were almost normal, but EQ-5D was significantly lower in patients with depression. Except for the severity of COPD, depression may have an impact on overall QoL. This suggests that early detection of depressive symptom in early COPD patients and conducting an appropriate intervention may affect the patient's clinical course.
There are several limitations to consider. First, COPD was defined by spirometry-confirmed airflow obstruction, but only prebronchodilator spirometry results were available in the KNHANES protocol. However, the prebronchodilator and postbronchodilator results were shown to be interchangeable in a large cohort study, 40, 41 and defining COPD patients not only by spirometry but smoking status as well might help clearly define the COPD patients. Second, we assessed depression using a valid questionnaire, but the gold standard for the diagnosis of depression is the DSM-IV, which was not available in the KNHANES dataset. Third, among the depressed patients with early COPD, 24 of 30 (80%) were mildly depressed. Therefore, an analysis of the severity of depression was not applicable. Finally, because all study participants were Korean, this study lacked racial diversity, which results in restrictions when it comes to generalizing of our results to all patients with early COPD.
Conclusion
In the present study, we focused on early COPD and found that the female sex, living alone, and low income were the factors related to the development of depression. The risk factors for depression in patients with early COPD were similar to those of well-known risk factors for depression in the general population. Since the KNHANES survey is conducted every 2 years, longitudinal studies regarding depression in early COPD are expected in the future.
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